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Diagnosis and Management of Iliac Artery Endoﬁbrosis: Results of a Delphi
Consensus Study
INSITE Collaborators (INternational Study group for Identiﬁcation and Treatment of Endoﬁbrosis) *
Objective: Iliac endoﬁbrosis is a rare condition that may result in a reduction of blood ﬂow to the lower extremity
in young, otherwise healthy individuals. The data to inform everyday clinical management are weak and therefore
a Delphi consensus methodology was used to explore areas of consensus and disagreement concerning the
diagnosis and management of patients with suspected iliac endoﬁbrosis.
Methods: A three-round Delphi questionnaire approach was used among vascular surgeons, sports physicians,
sports scientists, radiologists, and clinical vascular scientists with experience of treating this condition to explore
diagnosis and clinical management issues for patients with suspected iliac artery endoﬁbrosis. Analysis is based
on 18 responses to round 2 and 14 responses to round 3, with agreement reported when 70% of respondents
were in agreement.
Results: Initially there was agreement on the typical symptoms at presentation and the need for an exercise test
in the diagnosis. Round 3 clariﬁed that duplex ultrasound was a useful tool in the diagnosis of endoﬁbrosis. There
was consensus on the most appropriate type of surgery (endarterectomy and vein patch) and that endovascular
interventions were inadvisable. The ﬁnal round helped to inform aspects of the natural history and post-operative
surveillance. Progression of the disease was likely with continued exercise but cessation may prevent
progression. Surveillance after surgery is generally recommended yearly with at least a clinical assessment.
Conclusions: There is broad agreement about the presenting symptoms and the investigations required to
conﬁrm (or exclude) the diagnosis of iliac endoﬁbrosis. There was consensus on the surgical approach to repair.
Disagreement existed about the speciﬁc diagnostic criteria that should be applied during non-invasive testing and
about post-operative care and resumption of exercise.
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INTRODUCTION
The onset of exercise-induced leg pain in young, otherwise
healthy individuals can often lead to diagnostic difﬁculty,
particularly when those affected are high-performance
athletes. Over recent years it has become apparent that
these symptoms could be caused by non-atherosclerotic
lesions. Among these are endoﬁbrosis of the arteries spe-
ciﬁcally of the external iliac artery and, perhaps lengthening
and kinking of the external iliac artery.1,2 There is an
increasing awareness of iliac endoﬁbrosis, particularly
among elite sports people (especially cyclists) consequent
to a number of high proﬁle cases. Yet iliac endoﬁbrosis is a
condition that is infrequently managed by vascular spe-
cialists and often presents to non-specialists and allied
healthcare professionals. Consequently patients with the
condition may have a delayed diagnosis or incorrect
management.3
A recent systematic review of the literature has
conﬁrmed there is a paucity of robust data to inform the
diagnosis and management of patients with iliac endoﬁb-
rosis.4 At present there are no guidelines or standardised
pathways of care to ensure otherwise healthy individuals
receive consistent advice and appropriate management of
their condition.
This study reports the results of a Delphi consensus
among members of INSITE (INnternational Study group for
Identiﬁcation and Treatment of Endoﬁbrosis). INSITE is an
international inter-disciplinary group of healthcare pro-
fessionals with a common interest in the management of
people with iliac endoﬁbrosis and comprises specialists
from sports medicine, sports science, vascular surgery,
radiology, and medical imaging. The objective of this study
was to identify areas of consensus in diagnosis and man-
agement of iliac endoﬁbrosis and to provide a starting
point for the future development of guidelines for best
practice.
METHODS
The Delphi method is a structured communication tech-
nique developed as a systematic, interactive forecasting
method. It relies on experts answering questionnaires in
two or more rounds. After each round, a facilitator provides
* Corresponding author. R.J. Hinchliffe, Centre for Surgical Research,
School of Social and Community Medicine, University of Bristol, Canynge
Hall, 39 Whatley Road, BS8 2PS, Bristol, UK. E-mail address: robhinchliffe@
gmail.com.
1078-5884/! 2016 European Society for Vascular Surgery. Published by
Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.ejvs.2016.04.004
Eur J Vasc Endovasc Surg (2016) 52, 90e98






1) Which of the following points of history are most suggestive of endoﬁbrosis? (mark multiple as desired)
a. Leg swelling 1 (6) 2 (14)
b. Leg numbness 3 (17) 4 (31)
c. Leg weakness 15 (83) 14 (100)
d. Buttock pain 3 (17) 3 (23)
e. Thigh pain 14 (78) 14 (100)
f. Calf pain 6 (33) 7 (50)
g. Involvement of >3 muscle areas 7 (39) 6 (43)
h. Resolution of symptoms within 5 min of ceasing
exercise
17 (94) 14 (100)
i. Absence of back problems 9 (50) 8 (57)
j. Other (state): 1 (6) 0 (0)
2) What investigations are required to conﬁrm the diagnosis of iliac endoﬁbrosis?
a. Clinical assessment 12 (67) 10 (71)
b. Exercise test 18 (100) 14 (100)
c. Duplex ultrasound 12 (67) 10 (71)
d. CT angiography 5 (28) 5 (36)
e. MRA 4 (22) 4 (29)
f. Angiography 3 (17) 3 (21)
g. Other (state): 0 (0) 0 (0)
3) Exercise tests are best
performed to what level?
a. Until the patient gets symptoms 15 (83) 13 (93)
b. Until the patient reaches their anaerobic
threshold
3 (17) 1 (7)
c. Until the patient reaches predicted max heart
rate
1 (6) 0 (0)
d. Other (state): 1 (6) 2 (14)
4) How long after stopping exercise should ABPIs (or ankle pressures) ideally be measured?
a. <1 min 11 (61) 13 (93)
b. <2 min 1 (6) 5 (36)
c. <5 min 0 (0) 0 (0)
d. <10 min 4 (22) 1 (7)
e. Time-point unimportant 0 (0) 0 (0)
f. Other (state): 2 (11) 2 (14)
5) Which of the following indicate a positive exercise test when recorded at the appropriate time after ceasing exercise?
a. Absolute pressure drop
i. <10 mmHg 0 (0)a 0 (0)
ii. 10-20 mmHg 4 (25)a 3 (21)
iii. 21-40 mmHg 6 (38)a 9 (64)
iv. >40 mmHg 2 (13)a 5 (36)
v. I don’t know 2 (31)a 3 (21)
vi. Other (state): 1 (6)a 0 (0)
b. Relative pressure drop between legs
i. <10 mmHg 0 (0)a 0 (0)
ii. 10-20 mmHg 4 (27)a 6 (43)
iii. 21-40 mmHg 6 (40)a 11 (79)
iv. >40 mmHg 1 (6)a 3 (14)
v. I don’t know 6 (40)a 3 (21)
vi. Other (state): 1 (6)a 0 (0)
c. ABPI
i. <0.4 5 (29)b 5 (36)
ii. 0.4e0.6 8 (47)b 7 (50)
iii. 0.6e0.8 3 (18)b 4 (29)
iv. >0.8 1 (6)b 0 (0)
v. I don’t know 3 (18)b 5 (36)
vi. Other (state): 2 (12)b 0 (0)
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6) ABPI should be measured in which of the following positions?
a. On bike with hip ﬂexed 6 (38)b 5(36)
b. On bike with hip extended 1 (6)b 0 (0)
c. Supine with hip ﬂexed 1 (6)b 1 (7)
d. Supine with hip extended 9 (56)b 10 (71)
7) What investigations are required in a patient with iliac endoﬁbrosis before operative repair/surgery is performed?
a. Clinical assessment 15 (83) 14 (100)
b. Exercise test 17 (94) 14 (100)
c. Duplex ultrasound 12 (67) 11 (79)
d. CT angiography 6 (33) 6 (43)
e. MRA 8 (44) 7 (50) Cross-sectional imaging may be required
especially if non-expert centre or there is
diagnostic dilemma post duplex and exercise test
f. Angiography 4 (22) 4 (29)
g. Angiography with provocation (e.g. ﬂexion/
vasodilator)
4 (22) 5 (36)
h. Other (state): 0 (0) 0 (0)
Natural history
1) What contributes most to the development of endoﬁbrosis?
a. Number of hours exercising 14 (78) 11 (79) Needs further research and it may appear that
there is a variability
b. Intensity of exercise 7 (39) 8 (57)
c. Cycling discipline (road/sport/MTB) 8 (44) 7 (50)
d. Performance level (e.g. professional/amateur) 6 (33) 4 (29)
e. No relationship to volume/intensity/type of
exercise
0 (0) 0 (0)
f. Age of athlete 1 (6) 1 (7)
g. Uncertain 6 (33) 2 (14)
2) Is arterial kinking alone sufﬁcient to cause ﬂow limitation in the absence of endoﬁbrosis?
a. Yes 5 (36)c 3 (25)d
b. No 9 (64)c 9 (75)d
3) What effect does cessation of exercise have on disease process? (choose one)
a. No effect 0 (0) 0 (0)
b. Prevents progression of disease 10 (56) 12 (86)
c. Causes regression 0 (0) 0 (0)
d. Effect uncertain 9 (50) 9 (64)
4) What effect does continuing exercise have on the disease? (choose one)
a. No effect 0 (0) 0 (0)
b. Causes progression at similar rate 11 (61) 11 (79) Some develop dissection and occlusion e
appears rare but important work required to see
which ones develop this complication
c. Hastens progression 3 (17) 3 (21)
d. Effect uncertain 6 (33) 9 (64)
Treatment
1) Which of these are effective in the primary (non-surgical) treatment of endoﬁbrosis?
a. Anti-platelet 0 (0) 14 (7)
b. Statin 0 (0) 0 (0)
c. NSAID 0 (0) 0 (0)
d. No effective medical treatment available 17 (94) 14 (100)
e. Other (state): 1(6) 0 (0)
2) Does changing cycling position help?
a. No help 5 (28) 3 (21)
b. May improve symptoms 12 (67) 12 (86) Rarely helps but important to try in the early
stages of the disease
c. May prevent progression of disease 3 (17) 5 (36)
3) Should cyclists be advised to stop cycling as a reasonable ﬁrst treatment step?
a. Yes 5 (28) 4 (29)








c. Maybe - assessed on individual patient basis 10 (56) 13 (93) Difﬁcult to be certain and difﬁcult discussion
because good data are not available on the
natural history to inform patients
d. No 1 (6) 1 (7)
4) Who should be offered surgical intervention?
a. Nobody 1 (6) 0 (0)
b. Recreational athletes 2 (11) 2 (14)
c. Amateur athletes 4 (22) 4 (29)
d. Professional athletes 9 (50) 9 (64)
e. Anyone with signiﬁcant impact on QoL 14 (78) 13 (93)
5) Is there a role for endovascular therapy in primary treatment of iliac endoﬁbrosis?
a. Yes - angioplasty only 1 (6)b 1 (8)c
b. Yes - angioplasty and/or stenting 0 (0)b 0 (0)c
c. No 15 (88)b 12 (92)c Might serve as a temporary option in athletes
Surgery
1) Shortening alone of the EIA is effective in treating iliac endoﬁbrosis
a. True 0 (0)c 0 (0)e
b. False 14 (100)c 11 (100)e
2) For patients with endoﬁbrosis apparently limited to EIA on imaging
a. Intervention should be limited to EIA 2 (13)a 2 (18)e
b. Intervention should always extend from EIA to
CFA
1 (6)a 2 (18)e
c. Extension is dependent on imaging 7 (47)a 7 (64)e
d. Extension is dependent on intra-operative
ﬁndings
12 (80)a 10 (91)e
3) Inguinal ligament release should be considered in most patients undergoing surgery for iliac endoﬁbrosis (may reduce
recurrence)
a. True 2 (14)c 0 (0)e
b. False 12 (86)c 11 (100)e The inguinal ligament may play a role in the
pathogenesis of endoﬁbrosis but difﬁcult to be
certain and worries over post-op hernias
4) An endarterectomy should always be performed (if technically possible)
a. True 10 (67)a 8 (73)e
b. False 5 (33)a 3 (27)e
5) Prosthetic patches are preferable to venous patches
a. True 2 (13)a 0 (0)e
b. False 13 (87)a 11 (100)e Although vein generally preferable some
concerns over late aneurysmal degeneration
6) A bypass procedure should be used in most cases of stenosis instead of endarterectomy and patch angioplasty
a. True 0 (0)a 1 (9)e
b. False 12 (80)a 10 (91)e
c. As assessed on individual patient basis 3 (20)a 3 (27)e
7) Patients with bilateral symptomatic disease are best surgically treated:
a. One side at a time 11 (73)a 11 (100)e
b. Bilaterally at one sitting 0 (0)a 0 (0)e
c. As assessed on individual patient basis 4 (27)a 4 (36)e
8) Occluded EIA caused by endoﬁbrosis is best treated surgically with:
a. Endarterectomy and patch angioplasty 4 (27)a 3 (27)e
b. Bypass 6 (40)a 7 (64)e
c. Angioplasty 0 (0)a 0 (0)e
d. Angioplasty and stenting 0 (0)a 0 (0)e
e. One of the above based on individual patient
assessment
5 (33)a 5 (45)e
f. Other (state): 0 (0)a 0 (0)e
Post-operative management
1) The duration of “stand down” (no cycling/sport) post-op should be:
0 weeks 0 (0)a 1 (8)f
b. 2-6 weeks 3 (20)a 4 (31)f
c. 6-8 weeks 8 (53)a 7 (54)f
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d. 8 weeks-3 months 2 (13)a 2 (15)f
e. 3-6 months 1 (6)a 1 (8)f
f. >6 months 0 (0)a 0 (0)f
g. Assessed on an individual patient basis 2 (13)a 4 (31)f
2) What medication should be given to patients postoperatively?
a. None 1 (6)a 0 (0)d
b. Anti-platelet alone 13 (87)a 12 (100)d
c. Statin alone 1 (6)a 0 (0)d
d. Anti-thrombotic alone (e.g. heparin/coumadin) 0 (0)a 0 (0)d
e. Anti-platelet plus statin 0 (0)a 1 (8)d
f. Statin plus anti-thrombotic 0 (0)a 0 (0)d
g. Anti-thrombotic plus anti-platelet 0 (0)a 0 (0)d
h. Other (state): 0 (0)a 0 (0)d
3) What is the optimum duration of medication?
a. 2 weeks 1 (7)c 1 (8)d
b. 2-6 weeks 2 (14)c 2 (17)d
c. 6 weeks-3 months 4 (29)c 4 (42)d
d. 3 months-1 year 4 (29)c 4 (33)d
e. Life-long 3 (21)c 2 (17)d
f. Other (state): 0 (0)c 0 (0)d
4) What test is required to establish whether the procedure has been successful?
a. None 2 (11) 2 (15)f
b. Exercise test 14 (78) 12 (92)f
c. Non-invasive imaging 9 (50) 5 (38)f
d. Invasive imaging 0 (0) 1 (8)f
e. Other (state): 4 (22) 0 (0)f Evaluation of sports results and symptomatology
Long-term follow-up
1) All patients should receive regular surveillance
a. True 14 (78) 12 (86)
b. False 4 (22) 2 (14)
2) Surveillance should comprise:
a. Clinical assessment 11 (61) 12 (86)
b. Exercise test 7 (39) 6 (43)
c. Imaging 12 (67) 9 (64) Ultrasound can give important information on
integrity of patch that would not be available
with clinical assessment only
d. Not applicable (surveillance not required) 2 (11) 3 (21)
3) What is the optimum frequency of surveillance?
a. 3 monthly 1 (6) 1 (7)
b. 6 monthly 2 (11) 1 (7)
c. Yearly 11 (61) 11 (79)
d. Not applicable (surveillance not required) 2 (11) 2 (14)
e. Other (state): 2 (11) 2 (14)
Management of post-operative complications
1) Re-stenosis should be managed operatively:
a. Only if symptomatic 14 (93)a 13 (100)f
b. If severe stenosis on non-invasive imaging 1 (7)a 2 (15)f
c. Never 0 (0)a 0 (0)f
2) How is re-stenosis best managed?
a. Angioplasty 5 (36)c 5 (45)e
b. Angioplasty and stenting 2 (14)c 2 (18)e
c. Surgery 7 (50)c 10 (91)e
d. Anti-coagulation 0 (0)c 1 (9)e
e. Cessation of exercise 9 (64)c 10 (91)e
f. Other (state): 2 (14)c 1 (9)e
3) When should patients have intervention for non-infected aneurysmal dilatation of the EIA?
a. Only if symptomatic 1 (7)c 0 (0)d
b. EIA diameter >1.5 cm 0 (0)c 0 (0)d
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an anonymous summary of the experts’ forecasts from the
previous round as well as the reasons they provided for
their judgements.
The experts are therefore encouraged to revise their
earlier answers in light of the replies of other members of
the panel. During this process it is anticipated that the
range of answers will decrease and the group will converge
towards a “correct” answer or “consensus”.
A three-round Delphi questionnaire approach was used.5
The ﬁrst round of the questionnaire was generated from
discussion among experts: vascular surgery (n ¼ 3), sports
medicine (n ¼ 2), radiology (n ¼ 1), and a clinical vascular
scientist (n ¼ 1), and comprised eight broad areas of iliac
endoﬁbrosis (with or without iliac kinking) management.
Within these eight areas a number of questions with stems
were generated (Table 1). Some specialists did not com-
plete speciﬁc aspects of the questionnaire that were
outside of their area of expertise (e.g. some of the technical
aspects of surgery were not necessarily completed by non-
surgeons). The second round questionnaire was distributed
to the participants who were all members of INSITE in June







c. EIA diameter >2.0 cm 0 (0)c 0 (0)d
d. EIA diameter >2.5 cm 3 (21)c 3 (25)d
e. EIA diameter >3.0 cm 6 (43)c 9 (75)d
f. Focal aneurysm (pseudoaneurysm) 7 (50)c 11 (92)d
g. Other (state): 5 (36)c 2 (17)d
4) Once the decision has been made to operate, what is the best method of intervention for patch-related aneurysmal
dilatation?
a. Surgery 12 (100)d 11 (100)e
b. Endovascular 0 (0)d 0 (0)
Screening
1) Should routine screening be considered in some populations for the early detection of iliac endoﬁbrosis?
a. Yes 8 (44) 8 (57) EF may be asymptomatic
b. No 10 (56) 6 (43)
2) Which population should be screened?
a. None 9 (50) 6 (43)
b. Amateur cyclists 2 (11) 1 (7)
c. Professional cyclists 9 (50) 8 (57)
3) What is the optimum frequency of screening?
a. Never 9 (50) 7 (50)
b. 6 monthly 0 (0) 0 (0)
c. Yearly 5 (28) 3 (21)
d. Every 2 years 2 (11) 4 (29)
e. Every 5 years 2 (11) 2 (14)
4) What is the best method of screening?
a. Clinical examination 9 (53)b 9 (64)
b. Exercise test 14 (82)b 14 (100)
c. Duplex ultrasound 4 (24)b 5 (36)
d. CT angiography 0 (0)b 0 (0)
e. MRA 0 (0)b 0 (0)
f. Angiography 0 (0)b 0 (0)
5) How should patients with asymptomatic endoﬁbrosis be managed?
a. Surgery 0 (0) 0 (0)
b. Surgery after discussion 0 (0) 1 (7)
c. Surveillance and intervention if evidence of
progression
1 (6) 1 (7)
d. Surveillance and intervention when symptomatic 10 (56) 14 (100)
e. Never intervene 5 (28) 0 (0)
f. Advise patient to stop provocative sport 7 (39) 6 (43)
Data are given as n (%).
Underlining refers to consensus (>70%) on a number of issues attained during either the second or third round of the Delphi.
a Only 15 people answered this question.
b Only 17 people answered this question.
c Only 14 people answered this question.
d Only 12 people answered this question.
e Only 11 people answered this question.
f Only 13 people answered this question.
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speciﬁc comments they perceived to be necessary. The re-
sults were collated from the second round. Consensus was
achieved when 70% of respondents were in agreement. A
third and ﬁnal round of questionnaires was sent out to the
same group of specialists in September 2015. The ques-
tionnaire comprised the same questions. Each specialist had
access to the second round scores for the whole group as
well as their own personal score from the second round,
allowing them to compare their views with those of the
group and enabling improved evidence for consensus items
from the second round. Respondents were invited to re-
score the questions in light of the data from the second
ﬁrst round using a Likert scale.6 The 4-point Likert scale
(strongly agree to strongly disagree 1e4) allowed strongly
positive responses to be recorded as 1 and strongly nega-
tive responses as 4, but has no neutral position and forces a
choice. In cases where the respondents’ new scores differed
from the group score, they were invited to comment to
ensure the question was correctly interpreted and expose
common fallacies.
RESULTS
In the second round of the Delphi consensus, responses
were received from 18 specialists. The overall responses to
key questions are shown in Table 1. The third round of the
Delphi received responses from 14 specialists and led to
consensus on a number of issues (underlined in Table 1), as
well as a number of useful comments (also reported in
Table 1).
Diagnosis
In the second round there was consensus that leg weak-
ness, thigh pain, and resolution of symptoms within 5 mi-
nutes of cessation of exercise were all hallmarks of iliac
endoﬁbrosis. After the third round, clinical assessment and
duplex ultrasound were thought to be important in the
assessment and diagnosis of iliac endoﬁbrosis. The re-
spondents felt that an exercise test (measuring pre- and
post-exercise ankle pressure/ABPI) was the most appro-
priate way to conﬁrm (or exclude) iliac endoﬁbrosis. No
speciﬁc exercise test is required but there was consensus
that the patients should exercise until they reproduced
their symptoms. Initially there was no consensus on how
rapidly a patient’s ankle pressure measurements should be
measured after cessation of exercise. However, after round
3, most felt that it was important to measure pressure as
quickly as possible (within 1 minute of exercise cessation).
There was no consensus on what absolute pressure drop
constitutes a positive test for iliac endoﬁbrosis, although a
pressure drop between both legs in an individual patient
with unilateral symptoms of between 21 mmHg and
40 mmHg was thought to imply a positive test. There was
no consensus reached about the absolute level of ABPI at
cessation of exercise. There was consensus that measure-
ment of ankle pressures and ABPI was best undertaken with
the patient in the supine position. No information was
sought on whether manual or automatic blood pressure
cuffs were used.
Natural history
In the second Delphi round, there was consensus that the
number of hours of cycling was associated with the devel-
opment of endoﬁbrosis. There was no consensus on
whether arterial kinking alone is sufﬁcient to cause ﬂow
limitation, or on the effect of continuing or stopping exer-
cise. After the third round, however, there was consensus
that arterial kinking in isolation was not responsible for
limiting blood ﬂow during exercise and that cessation of
exercise prevents the progression of the disease (rather
than causing regression) while continuing to exercise leads
to disease progression.
Treatment
In the second Delphi round there was immediate consensus
that medical therapies are ineffective in the management of
endoﬁbrosis, that surgery should be offered to anyone with
severely impacted quality of life, and that endovascular
interventions have no role in patients with endoﬁbrosis.
There was, however, wide variation in views on the most
appropriate advice to give to a person with a new diagnosis
of iliac endoﬁbrosis.
After the third round there was greater consensus, with
agreement that clinicians must decide on an individual pa-
tient basis whether cessation of cycling should be consid-
ered as a ﬁrst line of treatment. It was also agreed that
changing cycling position may help relieve some symptoms.
Surgery
Shortening of the external iliac artery was thought to be
ineffective as a sole strategy for the treatment of endoﬁb-
rosis. There was consensus that the extent of surgery should
be guided by intra-operative ﬁndings; however, after the
third round of questions pre-operative imaging was thought
to be a helpful adjunct in guiding the extent of the proce-
dure. There was consensus that an endarterectomy should
be used where possible but that inguinal ligament release,
prosthetic patches, and bypass should not be used routinely
in surgery. In patients with bilateral disease surgery should
be performed one side at a time. The majority of specialists
suggested that bypass surgery is generally preferable in
patients who present with an occluded external iliac artery,
but no consensus was reached.
Post-operative management
There was no consensus on the duration of cessation of
exercise/sport (“stand-down”) following surgery, although
there was consensus that some period of stand-down was
required following surgery (54% agreed that a 6e8 week
period was most appropriate). Agreement was reached that
all patients should receive aspirin following surgery but the
duration of treatment remains unclear. There was
consensus that surgeons should ideally perform exercise
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testing to conﬁrm that the treatment had been successful,
but some commented that merely the absence of symp-
toms was sufﬁcient to suggest that the treatment had been
successful.
Long-term follow-up
After the ﬁrst round there was consensus that all patients
should receive regular surveillance. There was no consensus
on what form of surveillance patients should receive;
however, after the second round of questions there was
general consensus that this should at least comprise clinical
assessment on a yearly basis. Most (64%) of the re-
spondents suggested that (non-invasive) imaging post-
operatively was helpful as it may help to identify pseu-
doaneurysms or other potential complications that might
otherwise be asymptomatic.
Management of post-op complications
In terms of the management of speciﬁc local surgical
complications there was agreement that a stenosis should
only be considered for treatment if symptomatic, that the
optimal way to manage these stenoses was surgically (91%),
and that patients should be advised to stop exercising
(91%). There was a clear indication that intervention for
widening or aneurysmal disease subsequent to patch an-
gioplasty was indicated at >3.0 cm and for focal pseudoa-
neurysms, and that these should normally be repaired
surgically.
Screening
There was no consensus on the need for screening any
groups of asymptomatic individuals for iliac endoﬁbrosis,
but 57% suggested that screening in professional cyclists
may be justiﬁed (an exercise test would be the optimal
screening method). If endoﬁbrosis is detected, surgical
intervention should be considered only if the patients
develop symptoms.
DISCUSSION
There are no guidelines or standard care pathways for the
assessment and management of patients with suspected
iliac endoﬁbrosis. Iliac endoﬁbrosis is a rare condition and
consequently has few published data on which to draw ﬁrm
conclusions about best practice. Until these data are avail-
able it is quite possible that patients may suffer unneces-
sarily from delayed diagnosis and inappropriate
management. In the absence of randomised trials or other
controlled studies, the use of Delphi consensus methodol-
ogy to develop consensus among specialists is a reasonable
alternative to inform clinical practice.
There was broad agreement that patients usually present
with a symptom complex of leg weakness and thigh pain,
typically resolving within 5 minutes of exercise cessation.
Non-invasive testing and imaging are usually the ﬁrst line in
the diagnosis, in line with published data.7 Although an
exercise test and duplex ultrasound are helpful in the
diagnosis of the condition, the absolute values of pressure
drop in the lower limb represent a signiﬁcant area of con-
troversy with a drop of between 21 mmHg and 40 mmHg
being considered diagnostic. However, this controversy may
simply reﬂect that endoﬁbrosis is a progressive disease. In
the early stages the symptoms are exclusively at high in-
tensity exercise and the pressure drop is low, in more
advanced disease the symptoms commence during lower
exercise intensity and are associated with a larger pressure
drop. Similarly the duplex criteria for the diagnosis of
endoﬁbrosis are poorly deﬁned.8e10
A consensus that exercise tests should be standardised
was reached, which is an important step forward, and a
description of this technique was recently published.11,12
Patients should be exercised until they develop symptoms
and the pressures (ankle and ABPI) should be measured if
possible within 1 minute of exercise cessation with the
patient in a supine position (and for this some units have
adopted automatic systems to measure pressures simulta-
neously and rapidly in both lower limbs). Some institutions,
which consider kinking to be a potential important cause of
ﬂow limitation, test the ankle pressures with the patient on
a cycle ergometer in an upright position (with a correction
being applied for vertical height difference) and with hips
ﬂexed.2
Management of iliac endoﬁbrosis should always include
a careful discussion with the patient and cessation of ex-
ercise should always be considered by the athlete before
surgery is undertaken. Comments provided by the Delphi
participants suggested that these discussions are often
difﬁcult as young ﬁt sports people rarely wish to stop
exercising. However, this dialogue is important given the
paucity of robust surgical outcome data in the short or,
more particularly, the long term.4 Intervention is not
without the potential for serious complications and surgery
should generally be recommended only for those with
symptoms causing a signiﬁcant impairment of quality of life
(and after risks of the procedure have been fully
explained).
Original data from the Netherlands had suggested that
kinking of the iliac arteries was associated with ﬂow limi-
tation.2 However, surgical outcome data from the same unit
and others suggested that shortening of the iliac arteries in
isolation (without endarterectomy and patching) should be
performed only in very select cases in which there is no
stenotic disease, as, otherwise, this may lead to sub-optimal
outcomes.13 The Delphi consensus corroborated these
ﬁndings, with most experts suggesting that kinking alone is
rarely a cause of signiﬁcant symptoms and that surgically
removing a kink will be largely ineffective if performed as a
sole manoeuvre and should be avoided. Although pre-
operative imaging may provide some guidance on the
length of the endoﬁbrotic segment, it was generally agreed
that the extent of the endarterectomy should be deter-
mined by operative ﬁndings. However, comments from
some Delphi participants suggested that intra-operative
angioscopy also may be useful in guiding the extent of
the procedure.
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In conclusion, although there was diverse opinion in
some areas, consensus was reached on a number of key
aspects of iliac endoﬁbrosis. Consensus was reached on the
typical presenting symptoms and the non-invasive testing
required to conﬁrm the diagnosis. Most experts believe that
cessation of exercise prevents the progression of disease
and should be recommended to most patients as a ﬁrst-line
management strategy. The type of operation employed
should involve an endarterectomy and vein patch repair of
the external iliac artery; endovascular therapy and treating
kinking alone should be avoided.
The ﬁndings of this Delphi consensus study should be
used to inform patients with suspected iliac endoﬁbrosis
and all healthcare professionals who may be involved in
their care. This study has highlighted areas that require
further research. As a ﬁrst step a registry (planned) of pa-
tients undergoing surgery will help to capture important
data on outcomes that may inﬂuence clinical practice.
Furthermore, guidelines to standardise care and improve
management and outcomes and guide research in the areas
of need are warranted.
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